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b«-m oandad otit m& o^sp.let«d ^ Mr* '^ snm Elisor Singh BaghoEranahi 
imddr ^ 9vsfi&rvlBimk ^ the B«^ai*t^^»^ of Qmt»&t Miimrli MuialiB 
fills «ofli i t i^ orlglaal. eemtribtitloaa to %h0 fei»wl@dgQ of 
substirfae® faeias analysis of t!^ Bax>^ar str^y@t taljeher tsotll^ryf 
Z t^txjmi^m that Mr« 4in« Km^r SSa^ Bi^luxranslii l>« allowdd 
to sutietit tm aisd9rt%tlon for ttm aimrid of tlia ddgrao ©f l^ i^^ ilR 
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sand*tfbald ratio acfoss tha mr»a« 
fiaOM * 12 Qml tmXtth aaps ^loifing fmidatScii •«* 17 
in thielaissa acn»8a t&a 3i^ 3a« 
FXIIiEii « 13 9 ^ Coal 3««iei isoUth IMP sliowiiig ••• 17 
Tariafei«M!i in thl^mdas mrosa %tm 
s^tes la tin Bttrak^ •tf«t« I>ad9d 
»Ei tremiltion ps^bal>ility m^rtx (p««) 
in di^afsi (a) «idt iMistasa (1») saotors* 
fiyOtiii « 15 ifaflEov Siagrtna i^viiig pw^^wmA a ••• 29 
i^ iMtpa tranaitioiia of litlioXogia 
a%at99 ia tlia Bavalcar atfiiia I»asa4 
on diffavaaaa aui^ ilai <d^> In aa^afs 
(a) and naafam C^ aaotoj>a« 
wmmm « i6 ttafkov aiagraBui siiavias pi«fa9i«d ••• JS^  
iiQyimrd t#utaitii»tf of Xi^ te»3AeA« 
atatas la tlia Bafakar atrata l^ aaad 
oa tranaitioo p i o b i ^ i i ^ (pjj) 
(i^ aRd aiffaranaa (li} natriaaat 
dadiaea4 twm pooia4 4ata :aro total avaa* 
Wiamm • 17 Diair«B aboving aireUoal aoQiiaaeiM isi««« 29 
tha Barakar atrata of tlia givaa ay«af 
and othar CBeadiiaKia baaina* Xlia agmi^trieal 
aatora of Barakap ajrelaa In tt^ givflo avaa 
«id ottior baaina la no%«i#9rthy« 
yuif OF tmm^ 
tabid * 1 Baw dat«^  of lithofiieias maps and total «•• 13 
p«fW3atags of dlffar^t lit^ielogio tyi^s 
fiiliXd • 2 li«»fkov aiatrioss of Ut!)o3jdiiG tymu for ••• tlh 
ms%9fn ttetor* 
falilA * 3 Hajkov siitrieos of UtHolosio typas for «#• 2^ 
iff«8ta»i 89Qtor« 
f^]j» « 1>» MaflEO^  satriods of l1MmJ»g±9 typas fbr • • • M 
emitval 89otor 
Tattle • 5 liailco^ isatrioa^ of lithoXogie tyo^s for • • • ^ 27 
total a]*^« 
tabid • 6 Chi««qittaf« statistios to tftdt %h& «•• JB 
{bulcovlaa |iio$»orty lit Bi^ n i^ir 3ti«ta 
(iiftar MUiiigtXasry 19^1) # 
TmrnuMtma 
Ma^ly ct^i^s of Oondi^ aa xoeks In Talo^r ooaLf isM 
wtro ooiiiseted v i ^ gml»& and ooal mmy^r^ian iMttm^ 
iB3$i SimiiwtA 9t aUf 1856{ f«raor« If 16$ Mme^immatisr 
and 8ijdirai3afilan» 19$6)* tl%9 Xadiaa Sureaa of IHiids eiovlad 
oiife f^trtlidr sxploration of mal &.wtSm IfS^'^lf^l* SsiPtv^f 
l i t t l« ttttantScm hma t»«n paid so iw? on tha •ddJUMOtology 
of QmiAvmia, rooks in ^ I s ooaXf ioM* 
In t&emit r^t^ rSf stratigrapliers ^di aodJjiiQiitoliigists 
tngagad la th9 wtviSy of Ooadirana rooks are ts^liig to fboos 
attantioii on a^jStmrntmoo flualyais of lit!»iogio8 with a rimv 
to bring oiit araml irmriatism of litltie ^^mpdaitiont faeias 
pattaxn basin gaosatigr and dapoi^tionm]. afrriit^aiaiit* Bvtislh. 
studiaa inda^ ^m rital tor basin maljraia and for 
rociaitftBioting a $adiaiB%i»7 aodal obloetiv^lT* ^ briaf 
•tody da thaaa linos has baan undartaiten roeantl^ r en 
Kotbagudan coaifiald of Mdhra Ffada#i (filagrw mA 
Saabpaada, 1979) t Ulc9tils«f savarai pzojaita en subsurf^a 
analysis of ooai naaaoras ara in pfograss or aomplatad in 
iha Sapaiinant of Qmi^e^f ^it«0»| Migarh iiw lading th^ on 
lioher blook of Bingrouli coalfiald (Casabgrapy 1979t Aai^ m^ 
I960) f M i^ida basin (Ca83liretp« 1981)» Monidib blo^ of Jbarla 
ooalfiald (Iiassar* 1961) § ManiJour bl^ oeli of Koi^ H ooalfisl4 
(Casabgrapt 196^* A sadioantolngieal atudy of this natyora baa 
not baan attaoptad so far on tha Bar^car of Talo^ar ooalfiald 
and tha raaults ara critioaily naadad froa this oraa Dor ^ 
ragltaial syxithasls af Btm^MstmmiAt Ooodvana basin in light 
of th» w&tk in PTCgTQBM at this l>@parl@«fit* 
mUSM OF B^&i 
Z!i3 fmXdhtr ea^fldM j-iitaat«d in t!i3 Sistrlet of 
JPIiai^ iiial of Orisaa vas seletatS for tMa invostigation 
boeaota i t 7«proi^nt8 t^ @ sonthdifnaost oatlior of the 
aoii*Mali,^ adi Qemdwana btslA boltf sisdL tuo |i0€8ilil9 
potontial of coal moA aig|i«tsrfae9 gooXi^ ^ miA tMlmt&almB 
^istribatiOB hm@ not boon adoqoataljr volitod oitt so f^ ur 
in this i^ fflota-.basin* TMs ooaXfiol4 h&s ijoon ro»9X£iiiinod 
latol^ \^ tho offieava of 6ao3Agieal S^ trvojr of India, and 
(^tttrai Mino PXaaniMn: and Bosipi 2nstitiita lilMitod 
i(;«M«f«i>*I*iM}, m mj^Miary of tho Coal India Idaitod* 
Xbo s t t ^ i^ rta i s looatod in and aK»i»ii f aXetiOf 
ooiii«i7 vh5ch fof«3 t^o osk^ itom pai*t of faidlior ooalfiold 
iVts» 1) GOT ring oi 3«oa ibou^ 10 sq ks mid is sitaatod in 
tha Stnvoy of Indie iSopoiiioot Bb« 7 ^ 1 Hotv^on Moxth 
lAtittjios 2>^ 55* « al%0* and ^^t l^iiitiKlos 8^10 « 
d^l5*« TIso Ggjttaek«S«ibtti Trtinit rood paosos noar tho 
sou^idifi lioiflidai7 of «oalfioXd fyon vhi«ii sono bronoh i«od9 
9«8« DUmogli t!i« ooaifiold* Th9 aoaroat rollwsgr st^ititm i« 
¥ftl#ior on ths Fytri«f«l^«r ¥ranOli Una of the Sotit^a3t«fn 
Bailvay* 
Slio TaXoliOF oo^fiold i s pr®dominenti7 eovorod Dgr soi l 
and is gontljr «idul^ing« Tbo sorf^o alotration imiloo from 
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103 n to 1'^ B or mors aboira ttm mmm a^m la-7@U th& rock 
at flat topped ri<igo9 and knolls* fiid Baraimani rivor pa^sds 
aef09S tli9 araa flowing SK>I*@ or IBBS nortii to soat!) &it 
faldhtr toim (Flg« 1^ # fh«r9 s^ w savarai tri^iitaries of tliia 
jhDr, Bbaliitiaigri rmlMf B&ngr-JL jlioi* «tc» i^il^ a*® ger^rall^ 
fl0¥5"3e wast to Bm%» 
Xn® iiiT®atigiitii:»i aSns i t t (i) astaXj'Sinc^  Qtiwjttit^iYdly 
S'obs'arfaied UtnofaeiA® to dfftandtos tli^ 9 s t ^ t of ai^al 
v&riatioa In tMdimdss and af<i^ despersol of dominifiit 
lit:'K>faoi#8| <ii) anaiytlag «yoHetty of tiia gtrmt iiar^ar 
oa i^^ nea i«)d oo^ t^igueliig %h® ef-elieai tfequ^ioo vitli t!mt d#4acdd 
in othur ooalfidl^s of aoii*ltaliana<ii cgid Biao<lar.7aiI^ basinsi 
(ili> Intdrpr^ing basin fra@«i«3flt ami @:ivi$t»isdnt of doposition 
Gf S a i ^ ^ litniofiXi in %fm $trmi ar®a, 
tiio aiittior i s indebted to Dr* ^ ^ C^ i^Sfa^ for auggaating 
tho psoblQiOt 3up«iTl«lJag tli© i»»fef awi to w r l t ^ of this 
diSMitatioii* fli» asfWiop axptasMS His gtetitute to Piof»aaoi» 
»*&» B»8al» Cftairmani Dapftrtmaat of Zoology for axtonding tho 
libfttiy an^ laboratory faelUtiaa tor tlM woiic* Author* a 
gf*a i^tiidd is d'Od to Pr« fi«0* tm^rl^ Bas-onron ^saoeis^td of 
Ddpi^ rtm i^t of Sei9iio9 arid f^efinology x^i^  ^ s^olor lal>oi*atof7 
QoUaagiie for giving his tla« Xilwr^Usr &t ^ffermt syngas 
of this iio2%« fho Mi&lior a^ mtiifXoSg^ s iritii t^ ae i^s th@ asaistiiiaee 
piOTldod Isgf Ms QollMgiMS l|/S ^i<ar iliaadi lloM* AolaB^ A|«^ 
Kii^ QPt liaicitf»aii fsomadg IPrassiod Xtsai* aisi»a ana IteMn^ ifid 4h@ad« 
f!i9 ii^ iyior la %hiBi&fal to t ^ staff of toXMmr eol31«>r 
for provld:^ Ii^io}0g3 an4 nao«s«aiy f ^ l l i t i t s * fHo ^iklur 
gf@t#fullr ^c^aovl^gas a i^soafch gr^ aat twm %h& Cammtl of 
6ci®t3tific and ladustrial Bes^M!^ Hew &@l!ii Sn t!^ fbi© of 
QQ axmied of a ^o^tor B@««4«P^ Vtlimn^i^* 
tootl^t tht ati^ lior axi^ vi^ iNis Ms tlm^s to Urm ^*^ ^aiQ 
in thm pmpt^r&ki^m of ^mmijaga mA to Mr* i^^ *^ ^iamm tor t^ rpiag 
tha dlssosptatlmi* 
Is a f lat tys>® baeia of Qondyanu m&kB bstm-d^d ©a a l l ai^ :;® toy 
mselaasifidd lirclia^ granitd and fnoiss* Total thic^Bosa of 
O i^di^ ana it><^3 incliidii^ S<o%«@r (Pez^iaia) ^ d l^per (fiilmasle) 
Oo^^aaa i s of tM or>d9r of about 155^ siotor* 
Alt!ioas^ Xlttoo C*©^) anfi th© gaolosists of tHa Goal 
CoiBiQitt9« Ct8i>§) f irst Ft'portad occirrtnes df ooal in taloliip 
ooalfioldf a dotailad gaologieal @ap of t'lo coalfield v&a f i r s t 
prsparafi tgr *^ »^ * BlanJbrd, ot al# (^$&> dtoriag ^ o i r sosrch for 
iK»al« Jmi»t fmrm^T oMtmijmd tha eo^il^otitofope noar Qormtprm&M in 
I91S iwtg* t) aiKl roeoisoaf»l0d drilUtie in tlia mrom to find 01:^ 
ttid possibilit;^ of aors eoal« fisllftwiiig hia r®eoisi3i»lati<»s and 
thoS0 of Imraifani^urtlis^ ana Siil»r«i@anian (19^)» ths Indi^i 
BiiTO4ia of Itinds rosurvoy^ct tha art^ for ddtailod expl0i»atioi| 
Ijgr drilling in 8W«ral aroms ^ r i n g 19^«1961» 
71^ 3%w3t^ €iTQ& in an& ^roond Taleiiir ooIUor^ is sitaatod 
on t u Bomliar F\»ffPitiofi of Lowar Q i^dw^na* ftio hom9r Qtm&wmm 
Foxiaations ll9 yaconfonnabl^ on or ar« faulted against th& 
hmmmA of Aardid^ isetij@orpi^o3 throueti laost £^%rt al^ ong t!i« 
soi^iMim and north bound r^gr* Bai^ional strike of tho t tn i ta i s 
lAs^oly in oast^iwost dir^etioii sa^ dip towsir s nortrif so that 
BaalgeiJ) oiaterop s^iecaeiii'^aiy f r^a e^st^so-athaagfc towards ^aat* 
i»rthw®stt ovarlajui "by t i ia tipper QomA'mR^ rooks (Pmelist and 
ilali«id«va) i n tha wasteiriM^ itorthwast^rii Darts • A imsb®r of 
iatra-bagiaal fa^iltis toeal ly dlsplaed ti ia s t rata* 
3?ha atTafclgrapiiar o f tii© f-a3.i^er eoa-lfl^W ei^difiacS af%©r 
t!i3 a.3olAgical Harv^ o f lad ia (aibm^^nia^i t9?t) i s Btgrnariso^ 
b^lov i n asewnSinc; ord@r t 
% p ® l * GCMIi^l^ai}^ 
toiior Qonavoiia 
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f r iass ie 
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( 1 5 ^ ^ a) 
<3Ml«3fO ffil 
Karharlmri 
(230*270 1^ 
f apBo • TaleMr 
CBX^xmlf9Tovis (15b a) 
Aft^taa 
Tim o©al baarir^ Kapharbarl and IJarak.,ir doaiimt® l a tli0 
©aatsm pajft of t'm coalf lald, covariag ov©r 500 aq to ar^ 
pr©s-jE3ably coatinaa b@]U»w t-ia Fai'Kliat uaa Hujiadsyvau towards 
iMNt iii£l northiiedt* Ckial i s Ming 03ep24»r@d la tDo Baraitar 
strafea iQr th@ G^itraX Coal Mnited (i^«^«li»} in th@ eastom 
part liiar© Qlmmn eo l i i a r i s s ap© p»ea«fcly situ^t^d incladiRg 
faleiilT 03X1191^1 dopsi coXUaryt South Bala^ida sollltfify 9t<$*y 
as atmwi i a Fig* 1* 
Thd Ba?al:ap eftrsta aro ^oelsantla' araaaeaouay egmsist of 
Simtistono from ^mm to topi occasii^fiiiUjr intarls^didtl with tMn 
bandto of ahaXo and oooX ¥hieri are ijgr ^ d Xox^a more Qotmon l a 
t!i3 ttppor part* 1 ^ iri^ious litliof aci-^a as r^oogaisoc! in th@ 
{"isXd and %hmlip mA^Mm^^rr ^so^etairs vis f^ooMed in outcrops 
aro smsi^airisad bolov t 
3«Sld3tOB« WOQim 
Sandttoa* 'varias from ^ritt^Tf ooars® oi^ c^dims to f ia« 
grmlaod* Gflttjr m^ ooarsa gralaod saadstoii^ ocoai^ doeinmt'i^ 
in tho Xover part* I t i s d i r ty uliita to gr<^ in coXour; 
iadiirldiiaX todies vaxy l>om atiotit 3 « 35 to in tMckn^sa and 
XatoraXlgr paraiat an outei^p tor %mm of waters* liarga aeala 
e»>8s*badding ia profuaaly dav® loped and ooeors l a sroiiQ>ad and 
o 
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aoUtory sots* !Riis cabfoeiss OOEEOISI^  i s ovsrlaln ii;^  coarsa to 
si^luis grolaM saadstcm® ^ d i ^ s which as*® tMelcor than ^ @« 
f!»9ir baddlag tfiicas aya foitit to *^ll davsljopad i^ ad straight 
to isidaXatoiy> &id Ime^Q sooila tabttl'^r aad trouigii eso3a<*l»®4dliig 
oec-ar »>i^ oftin t'laa asaii seal© CTOas-boddlag. fin© ijraiiisd 
8af]d3toi9 oftmi ooears iis tHifi bodias intorb^daoil vith sli&la* 
Iiitaf^>«aS0d fmX&Q 
Saadstofio facids i s ooasonly saecdadsd liQr Interbo^lildd 
faeids in vliiGh fino froino^i sandstcmt oee^ mre m tliimor 
^ d i t s d « 3 IS } | loomXly Bho^ixm stsall seaXo C203@*b@dding« 
and poi^lXdl Xaninatlond sore tUffii ripi^ls safi^o* Thin tiods of 
sliai3 311011 ifiiysr eontiiets vith fin® Sisur^ st€»ie» 
Siml@ and Carl»naeooi» ^lalo faeid© 
^lal® as a Mparate faoi@8 is not eoeli nias ^raad andl 
ganSfcOljr sliows gnd^iofial eontaet with iat3s4>dd^d f^ioa* 
I t s tliieknsss Tories froe 1 « 3 m» l«eaily i t OH^ mgas to 
oait)oni3e3otts siials thit>ici^ graSationai oontaet with i»d«!l^|j|g 
siialo and n^ai^ oontaet vith ovarlying ooaU 
Coal Faeias 
Coa3b oeeors as thin and lotaraUy parsistant soces* 
ZadiTidual 00ol saaas in ooteiops imfisr fzoi:} 15 * 90 om in 
thi<ilfnass or laorat vith intoroalati^ns of eai^sonaeoous ohala 
m¥i sandstona altii»a^ soma ooaX Sda^ is racore^d in lx>r^ 3oXa 
loss aro wor9 than 16 ai in thidsnoss* 
fho Talctisr eoals ar© asiiaUy of high moiMor^ ( 6 « ^ 9 
a^aiap to high i?©iatlla (3^^f lower la roinkf iK»i*ec*;iag md 
mBii^smMiB stmt OF afsmMsHsm 
A ssrstomBtiQ moping of fmX9@ in sulisitrftic^ eon p i o ^ ^ 
a thr@a dlodrisiimia. pictur3 of a stratigrai^lo unit miA fom a 
^min aaai^sis, sddiiMmtolAgie fi^ia«ieflct and for s^ ^da^og^gi^ i^  
pliio mid paleo tdetoaie int9r'?r«tatl0ii Ctor^oti^iiy 1^60; Kn^l»elnf 
tf^^l l^ itr^ belii aii4 Sloas, 1f43)« tim taifs facias should be 
ooasidsrod to •'oog^riso ancjr ai^alii' saggfogat^ part of a 
aaslgnated stMic division ia %«iieh pli^ rsicaX / orgamic ©liaiwjteys 
differ significantly fro© tiKJsa of aiiot!i#r parfc or parts* 
(Krymbain imA SlASSf 1963f p* )« i^aiiing <197^ B| p* }^ dsfiiias 
33dlaoi3tai*y faoios in mmv^ difftrout ssnsa • (1) isi tha strictly 
obsartrntioaal aansa of a roek prodoct, a«e» donciatoiia fiaoios, 
(^ iB & gen^io ^mn® fbr th® produots of a proedss biy tt^eh 
m ?o^ i s t!soa£tit to fmm foRsad, ©,g» •'torpidity faeies** for 
tha pxodoots of torbiditjr corrofitf < 3) in an mmiTsaam^ntml emms 
for tiio #iivlfoniai»at in imi<^ a roek or »uito of aijcod moles i s 
tboaght to hairs farasdf ©•§* "fluRrial fueias** or "^lallov {sarins 
faeiss** aiHi (^) as a tsotofaete^t 3«g« **post oroi@nic** or 
*^ia88s faei«8% 
As used In this study the tQvm "litliofaoios** rsprssents 
•arioas aspoet^ ^ of stratigranhic units la tsxoas of gross Xitlio* 
l0gie ch^raotar at any slag la gaographio location oithar froa 
laoasardd S90ti<m or frois tiordhola logs (KruB3t>9ln i^ nd dXosSf t96^# 
li 
The IJ.td»l0gieal asp0Qfcs of a strufeigrfei^ie -imlt m^ b@ ®xpr®S9«d 
In t9tem of tsftaX thiclmoss of diffartmt unita* say aaiidstoiio» 
^al9 a»d ooal 9te« wid ^lag thoir indiTMual pof*o s^tago tn a 
atratigfaphie t^ nit* 1^ @ litiiologlo i^tribittas tmd tiiair vi^i^* 
tioa aof^ss tha basis ®an ^ griapliieallar i^pr9s#it^ idltli ffia 
lidlp of relsvant fteiios eiaps* 
taeios maps tithor laai^idimUy or in oom^tm^ion pfo'^do 
infbrcmtioii x^ai^ diliig t^& fogloiia]. fael@s trasidSypossiblQ 
dlrootiofi of oiastio t r m i ^ f t m& loeiefeion of aoiiaroo tupoay 
otitlias of aajop too^^tlo ol^i^tsi nataro of warn lia» ^^ id 
infIs^tnoi of ttrootors on d9po«iii8tt (Kninboliit l^fSf KrtiBtboin 
«id aiAsSf 19$3| fr^^i*} t966| Fof^ otSQAt 1960| Kmisljoiiif Sloss 
ami 0a9plO9i t$^3| FisiiAr ot »!#» t969| Caasti^ rapf t9Bl}« 
« 
fX?^ Of BAelM X f^ft 
4 inupiot;? of f&oid9 »i#s aro loioifa to bo fitod 9itli@r 
ijvIlTldiiailjr or in ooolitaati^s aooordii^ to tlio ob|oet in Tlow* 
DorsotaoQ (t>60} olaasifiod ^lo faoi#8 m^ Into l^ll^vli^ 
eatogoHos • 
1« MaKSMi ifliieh llXiiStrato gooetitrio^il Qo&figiifation of ttiroo 
2* Ifapa ^ich Indle&to oon^ositlon of a stratigrai^e mfiit^ 
flioso o f^ 0181 bo dlTldti into two olaesoe aoeording to the 
aus^r of imriablts oensidomd I 
A* lkilf»ri£kto * (i) Zsolith iss^s 
( i i ) Porewitago oaps 
B* KiiltiTariato • R^tio ma^ ovg* Ooisblifidd ratio aapSf 
«ntro|pgr fanetdUai naps and diataiMo diatrlbtitloiia aaps 
dosoribo tiio foXatioosliip ammg ttam varlablos* 
12 
3» Iteps % i^lch describe ©Ithor the degree of differantiatloa 
of a stratigraphlc section into described units of different 
lithologioax types* or the vertical distribution of oi^ litlio« 
mgloal type with in a stratigraphio unit* e#g«t vertical 
variability B^ps* 
tf, Mapsbbftsed on either a statistical analysis or othar kind 
of Btathematieal treatisent of contour map datasf e«g« imrianee 
saps I regional and local eooiponent laaps* rate of change maps* 
and high ord«r derivaetive naps* 
V0T the purpose of pres^fit stii^t facies saps belonging 
to classes 1 and 2 were prepared and used* Furthery a f^nce or 
panel diagram %ias prepared to v&tk out subsurface gec»astry of 
Intembedded llthofacies including coal* In additiont subsurface 
facias taaps vera prepared for the stratum bounded by tiio arbitraxy 
key hori2ion3 aade ^ of coal seams» the u |^r one called the 
**Marfear horizon** and the lower one the *^tt(»B 9&ao**| ^ e names 
proposed la^ the Geological Bwnr9^ of India and C«lf*P«D*I*Xt» This 
study of a specific Barakar stratira is based cm ik- borehole logs 
from different localities as shown in Fig« 2* A saople of borehole 
log blowing vertical sequeiica of llthofacies ond the ttio o^iicer 
horizcms is reporduced in Fig.3.7h@ stlbsorfaea study of faoies aizss 
at infestigat ing I 
i* Subsurface geoaetry of sandstone and coal facias tigr 
draairlng panal diagraiB for the given stz^tusi* 
ii» Areal variation of stratal thlcknesSf lay clrcn«lng isopach 
Biai^« 
i l l . Areal variation of thikness and relative anount of total 
sandstonOf total shale^ total coal^ Including certain spscifie 
bodies of sandston* and coal. 
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Pig. 3 I Graphic section of Bawikar strata ahoifli^ 
stratlgfftpiiic positioQ of doniiMnt ooal 
If r«poffdv)ead fron bor^iolo logs* 
I 9 
09009^ X7 and Distributlmi of JdtimttmlQa 
fh9 paaal AiagFo© la Fig* k aispla^a thro© dJUaenslaaal. 
distr£l>ii6loii of Utlwfaei«3 in t'w speoifie iarafear tferatars 
m» st€it9<i abo-ro* thrii© intai'^ ddadd tmldB % i^ieli constltut* 
tli@ ^ivon stratiis are soadatcm®! ooi^ L and slialo* % ajteragliig 
tHair aiK>iir}t (I17 voli^} III total bozH^ ioXa l0ss» tlio strata 
IncltiiQ SDe]« k^*$% smdstoDdi %3«5^  ooal* atvl 7*^^ ^mlo (TabXs 1)« 
fbd Xot^ pal oorr^Xatios of iMlvidaal 3and3t«»S9 bodios mA 
ttn^ clastic (slial®) fields in dtftnv&nt Isor^^Xa Xcgs v ^ is^ d^a 
posdibl,® on ttia butsia of rcoordod notaoneliituro of coal seaos as 
givan Iqr U«M»ftlbX« offiears arid shoyn in paxmX diagrani (Fig« ^ 
i» Marker horizon 
ii« Top coal i^ am 
i i i . Hindis coal. 60@ia 
iv» Sottoo coax scats 
III10 saidstoac bodice oceor repeatedly Sa ^ c •crticaX 
coXissn iiitsrbcddcd %d^ fine oXasticSf and arc l%>und bot!i as 
oontin^us and disccNntinoons bodice mqc^ ifig Sn thic^accs ffo^ 
immiB m» nicrc i s wic thiok (12 « t6 s) oontlnia&us sandst^M 
bo^ bttvscn the *99p oooX scats** md the lapi^ tsracst co&i s^m 
oalXcd t!i» **ISarfecr lioriaon*** fhic prominent ^ndsteoio bod t^ 
referred to ma Hiddlc Sandstcmc in tiiis stiid^ t clocrcasas in 
thi^mcss from c&st^sotithsast to vast^nortlmcat* It ooeusra as 
a ^cct Xiiia body (Bottcr» 196^ md lao littles tMn Xmscc of 
fine oXastio in the Xowcr ^^nd ui^or parts (Fig* tf>« Disoontlntioiis 
bodies of sandstone are X«:isoid and apmrcntXy chaoncX 3h^ ;>ed 
(Oitpar ct au« 1963$ PettiJobn, et aX«f 1972) t 1 • ? m in 
F2£* h s Pans I diagrsi^ i l l u s t r a t ing sal^orl 
flistri btitSon of IMj*altar s t rata* 
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thl^ditas aft4 5bO a to 2 Im in viath and ore aiiclAsed S^n or sboim 
inl^xtoagiiiiig v<9lati0ii8hip with fiii@ eXostles or oool asams* 
S!i0 oeax fMNtms likdvisd oe»ar as contimio'Jis and di8« 
oc»lttnt»^a8 boSidSf vmgi^ ^ tlilektiess fitse t to 8 a« ftm 
towe" pfOBdmnt oo'al seams lisOd aboip@ i:^ r9 moi^  or loss oontiniK i^is 
2ocftUy «io losing Xansos of inno olasties ofia saadstf^ M t^ii^ t@f^  
io 8pUt tho soaaai a mBsaan fi^ notteidKi of ti^ Bariltar ooal 9%^mB 
of 3oa l^ali£tna£li basin* Sigiifiofi^tl^^ oaeh one of theso ooaX soams 
say rost or be ormtiMn ^ laoro than ono lltiioIoilG tyi»Of vttii^ 
mo^  bo sat^iitono in plaeoSf shaXo or caw^rniooootm alialot OF I>O 
intor^oddod faoios* l ^ s rolati^^iip of oool sa^ BS vitis Yax i^ng 
Ijtbofaoias at hm^ or top ia of gsnotie iisportaaeo apfl ealla for 
a proper ox.iXanation to t>o offorad lator« S ^ coal soams are %gr 
iftia lai^ © tliickor In ttio loifdr part and progroasivoJ^ thiimsr io 
tho i^por part* 
iDiseoatinuoas l^ msos of ooal mmm^ t « 3 @ thi«&, ooodir 
botvm shalA above and smi^stono boloir or ore aiiclosoci in ahalo 
or sandsteaSf as shoioi in paaol 4iagy«i <Fig« ii)* 
fi)^ t&m^B of trio p@siol diitgrae ^ not closo In tiio wostaitt 
or eastsm diroetioo dai to liaak of proper boi^bolo Jogs* Ap|iiyNi»tl^ » 
tho UttiofSNiios Saelfidin^ e o ^ saams sbouM &s%mA Istdrally in 
oithar 4ir^tion h&sf^m^ the l lai t of fal^ior ooXUsir* 
Faeiss iiialysis 
Ibr analysing vurioas aspoots of baa in- f i l l and 
o^fistittMnt Xi^iofaeias of tlis glrm Borokar stratupy tiao 
oorrosponding fueias aapa as dafinsd sa liar \mr^ prsps^tt^t 
beisod on tha available bor^bola logs* 
16 
html, Iftiialilnn nf Untifll Thlnfeiiiaffia * 
Tliis attribai« «as lis^Qstisatoil h^ dtry^turiiii an isopa«^ 
isap fbr th9 stratua lioandod lagr ths tt^ o ke^ li»riaoiia TOfonrod to 
a]30'V9« Zaasmiaeh as an isopaeti aiap ropfOMots a palaa^etntetoiv 
aap of a 8P@eifio stratunt %tm d^a usad for tMa sttad^ disrdgiix^d 
t!ilQtoi993 of tho soil oov«r ittid tbat of tho stfAta oooitrrliig 
alxiva and bolov tbs two kagr HorlaonSf resp^etlv^i^* fho iaops^tSi 
ssap in 7ig« 5 x«ir«aia a «»yit or ls»9 dXongaio t>aain trending 
nortluiaat « sonthwastf vlth oaaclmvi tM«dmo89 of 39 motor in 
^ o oouBioatt and norUwosty doeroasing to loso than 30 aotor in 
etatrml partt Spacing of fbr^Iinos mtsy saggost that tha s-ibsidlng 
^asin ifbic^ had a stooiMir profile « i oithor sido of tho cipiffarpod 
oontral part gradual}^ liaoaeio gontlor tovarda outor periphoral 
sidas in ooa^aast and northiiost as ia ©ridant twom tho aoctioii 
A •• B Cftg* 6) • Tho otoaoro of l^ xiaXinoa in tiio nortl^astom part 
bgr anEtrapoXatlon booauao of laok of hor^iolo liopi l a apparent 
and naada varif ication* 
Banrttttinfiii Tanlltih Kam i 
fttaao atapa vara prepared to aKaelne thialaieas -variation 
for tota l aaadatone and eeparatel^ for the yroninant aandatone 
bodsTt eaUed here Middle Sandatont* 
\6mn tota l ^liolcneas of eandatmie in a giiran atratigrftphie 
unit ia reeordad at eaoh eoatrol point and Uaea of o«i»al eai^U 
•tone thidmeaa ate draen th ie t i^ the amai the map ia referred 
to aa a Modatoae ^iamaaa or aandatooe isoXith aap ae tiaomi l a 
Fig« 7ft the iaolith sap hringa out greater detel^^isaiit of 
/ ''-^. 
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•tone (thlainiMS > 12 n> durtog tlit ootii«« of THifiliaff ••dlaantib* 
tloa in thft «Mt«m and sootlMastdm part with a tmiAmmy to doe 
Aooroaoo ( < 10 m) In the north and northosntral paits* Tbo 
fbroi lines treading northeast^aout i¥oot along tliolongth of tiio 
basin avlag baok and forth froiB southaast tovards Qorthwo8t» aaod 
Tiao^Tarsa* 
Xho Middle Svidstono shovs aasiWB) tiilckneaa in southern 
partf dooj^ taaing pxogratalTaly towards north* fhis saocistono 
ibova tgr and layga tlia aano pattam of thleknaaa as reoordad 
for total asndstonat i*3. i t thiokans aad thins in Mmm direction 
as total aandstom* She distribution of thitieness and oriwatation 
of foztalines treading nortbea t^ s^oiithwest may suggest that 
dapoaltionai channel ibr this aandetona had i t s vidth oriented 
east^northeaat (iHiO vastaoiithwest (wao as gbovn in Fig* 8 and 
length aeross the width in southeast-northwest direetloa* Cross* 
Haddlng resutis reported from this area auggest a |>ala3oflow 
twom soothoast to northwest (Cagshyapi 1973)* 
•mrt Mtiti Want < 
these Daps are dratoi to show relatlTO amount of different 
lit>iofaoies* Pareentage maps ware dram s^pavately for sandstoaa 
and shale and a Mnd^abala ratio awp was dnaat to Terify the 
)ff<aaulta of percentage saps* Figure 9 l^owa that sandstone 
paroantaga Taries froq plaea to plaae with aaxintaB ( > 5^0 
oocorring in southeastam part and ninizstiB ( < 3 ^ in 
northwestern part* Fona llnea of shale peroentaga nap (Fig* 10) 
ahow BaxiBue davelopiaant of fine elastics in eentrai and northam 
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fMft ( > 18^ y groAuaXtsr Awor^sming towards sout!i» soisthoast^xn 
«|4 iMstem paft dowi to <c6^ 
A Mvpailtlon of pci«9fitag« naps of sandstoiw and tiiioXm 
^I0vs that ahftl* diiv«lop«8 to a Madw» in soucth^astoyn pait 
«liar« Mndston* la BIHIBUB* This ! • al«o JUidlcatod bgr 8iknd«»^ a&i0 
ratio map (Fig. It) utMrein tha ratio Talao i s BaodaoD ( ^ 1^ ) 
in southssstam part and isiniauB ( < }^ in the north ssntrai and 
aortbMistsiii psrtt tboogh oAiangss in ratio yaluas aro gi^ual as 
in tho ease of isolith asps of sundstons and shalo* 
flnnl Tflnllf.'i Haoi t 
Aival Torlation of ooai in subsorfacs vos invastigatsA ligr 
plotting isolitii oaps tor total Ooai aa& for individual ooal 
flis isolith Bap of total ooal (Fig. 12) shows isasliBiai 
dsvslopnont of ooal ( > 16) in tha outsr psrtithsral part of ths 
toasin^ as against ^ o eontral part whsre total soal 4soreasos to 
Isss t h ^ 12 B« 
Vhs fom Unas tin isolith map of Top Coal Ssssi (Fig« 13} 
traading northsast^ aouEthwost display sig«sag pattam of thioknass* 
Ths ooal saan is altamatingly thiekor ( > 3 a) and thinnor 
( < 2 m ) with foroar oooupying aroas in ths sastofn^e ontral, 
soithaaatsm and northvestsm parts (Fig* 13)* This pattsrn 
ladisatBs the orlgiiial rtiapa and oonfiguration of ooal svaMpt 
Ind ths BMNkor flood plain* flia aiiaps olceoly ro'^ saBblos that 
of savsral Bodam peat swsiq>s and has a hsariag on oririaal 
•Ottfiguration of ths all imal plain« 
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Haitov criaia statlatios 'aaa tmmi yJ-ualy a^plle;.. ia Vtm 
stodr ^i stdiJB^tary saqiistiods dt»*iiig th3 past 15 srtai^ foll^ 
•wing ti itsl iua i%9^} &x^ others CKrjstJ i^a, t^6^| It@aat1>69)* 
nisi Monitov ptomsB 10 coasldd3p»d to bo a n^t'orul ptoe^aa 
tha^ i t raodcHB la i t s oooiirraa«9 in %&djQh pmhmillity of the 
pvo^ma tiding in a givian tt^to ol^  a p&xtiealar tiaie ms^ ha 
(Ia4aie@d from kiiotfl#dg@ of tho insddl^ely prdoodlisg atat@« 
U&skar^ eliaia io i t s g«miraX foirs !m3 a ymrf shoit 'te^ory" 
axtanilifSi only f^r a slngl® stap» Such a dmln con be 
t®r©©d ao first ©rOar I'aritov chain (fistolius, 19^j 
Griffithst 1 9 ^ • MoxkQV ehain isa^ haira a hmgor m&mr^ 
and bas a hightp ordmr ^ lain if pi«!»al»iUty assoelitiMl vith 
9aeh tr«i8iti@B depends on svonts •s^liftr thmi tho iap^diatolj 
pipoeodblag siroeit^ s Haftov e'lain m^il^aia hm ^m ommiA^rad to 
ha a iissful tool in tMa laterpxvt^ioii of •a^leal Sirtnsitioii 
of aaeommtory aaq^moa (OriffithSi t966| Emmbeinf 19^| 
BtaAt ^ 0 f OiafHPlfllit 19^1 Mi«Uf I973| Cas^ QTi^ p, 1975)« 
Xhis taM ttatisties ha« raiantljr haan appliad to studsr 
«9relidit|r in ttmmr GmnBtiam^ voeks of India (fmrarif t977f 1960| 
KbttHf 1976| As].iimt t9@0$ Kwary 19St| Cat^ i^r^ p and K^ oftf 1062$# 
& tha pv«Mnt atod^ first ord#r anbodd a^ Kafto'» ohaia 
•maytia is applied to dodt^o o^clieal OTAQT of lit!iofa«ie8 
in t!i3 Bare^ar co^l ti«a«ia« of f al^ar eoalf laid* 
20 
A9 a first step to this atodari a trcmsition or talljr 
m)MS% m^Tix i s Btrmtar&A t&llmfing th@ 3@b@#ddd Ifoi^ OT 
aodel of Ej^ i&ftiji md Cae^ (t?69>f aeeording to vMmi a 
giv'^ litiiology eoitiot pms into amm litmimw^ 3?lii3 smtho^ 
h&s h&mn. m^ ^r cKsst ii9f&«rs x f^®rr#d to @ i^m« trmattMjoait 
eo'oitt matrix ao strtietofed is ussdl for oonpittiiii various othor 
aatrieos ifi^lndlftg § 
l« ig^Sm&m^mt Trial pmtiability na^rlx C«y} 
2» triiiisitiim ^m)>a£}ili^ isatrix Cpj^ j) 
3« &iff^N»e« i^trix C<l^ .) 
ioalytiea}. s^i^ds of Mai&oT «iliain s^iaVaia h&^ b%m% 
Mmmm'1996. in wv^tnl rsemt t^it lioolcd ^f staitlstiea sm 
•i^littd to gsology CJtof^ a i^i and B9isl]iaBi«Cartor, 19700 ^KvlSf 
1973) • ^liniiita in transit ion oouit^  matrix aro roforrod to as 
frdiisitioiis imirs oiUsr i»ofO rooordMd ulisrs litliofaie«s t^w 
m ai^r^t c^ aiig@ in oiiar»et«ri rsgardloss of thloloioM* 3a 
^lis BiSthod xoro Taljos appoar in th# prinoipal diagonal of 
»i^riJi# 
Zadapmdttit friAl. mmtviz CiuJ i s ooi^ ptitod tigr t^ i3 f^ Xl^ oniiig 
raJLatioadtiip i 
•« • —i 
a - •! 
ii^ro a • total nmSbtr of ontrissf Sj and e. reprosonts total 
9 1 L 1 
auBMr of rooding In Jth OOIUBH and in tiis i th row« Zt 
f0pr98a»t9 tli9 p io^b i i i t ^ of tli9 §ST^ tronait i^is oecurrliig 
iit2ioli giT?3 the actual pitibaliilitias of Vm givas %x*3ii8itic3ii8 
ooeujrfliig in tho i^iran si^oessioii aa^ is oaleulafedd ysing t'ld 
fOtrrnxX^ aa follows t 
p j J • *• Ill I B i iiiiiiiiii -I II 
•i 
Wliof« |U| •r53|>i^8^t« t!j3 probability of tha itij atato b@Si% 
«tioe9«a«i 1^ |th 9t^o« f^i f«pf<o0@itt8 TaXi^ s in tiio tfoasitix^i 
oo^£it iwitilx* 3\ii^  of tlio p|^ j SEt^ rix iralaes ©n^ r vof loot tbo 
prosm^o of Max^vijss piopii|f|y» 
WStntmmf^ Matrix r9px«9«it9 tua diffoi^aos botvoon 
oba^rroa <p..) i^ od oxpoetat (0|«) px^bsMlitioa <0liii9rSii^ 
t9i9}« tbis Biatils 1 ^ both positiiro (•vo) and nogati'ro ( i^m) 
tmitios md Sici of oiMii i«Qv Al»mrt tftiamM bo soio* tho positive 
C-^ irfl) Talttos in tiLit mutris indieaito tlio xsffm^ traasl t i^t 
vkAm. b«ero a bigbor pi^babiiitjr of o^^v«i3eo in tb0 obsoffo<l 
t^etm tban vouM b9 oxpoetod imoroiks lowor or nog^ t^ivo («i#i| 
•aXotd do not •bpv siinilleaiit ti^naitioii statistittalljr* t«vor 
petitiiro (••o) iralaoa in tbo order of 0«ail or loss AUW aot 
ooaoidofod •ttttiotioaUsr oignifieaat in tftmetuii^ ^pwam 
trmoitim potb (Boadf 1969)« Itffafoiioo m«triz i t not qoito 
offootiY® ¥b«r9 taUjT oounts for a portidsUar iitbologle otato 
ia « ooqiiKMO is too ssalU 
9 f » 
tagft f i f ilgn1flQir'ifi0iQ s 
Glii»«qyav9 t l f t t ist ices i s 'jS'O&lly ^ fp l i sd to tast %iie 
raobdOKHssa of a distr ibi i t icHIt I t i s a aoastis^ of degrod o f 
fvaqianQi«s* Clti«st'.£a]^ s t ^ i s t l e s i ^ ^ MlUag^Nar C t ^ t ) 
nat i^9d to t#dt tl i9 HaslEOT psopert^w I t gt^m t^ia pf9t^a>iiit|r 
^ m t ths obserradi t rans i t ion ooimt aKntrlx ( f . . I i s Vm resul t 
o f Tim^em px^ oooss ope i ^ lng v l t h l i i ^sm olitor^od ftoqit^cioias o f 
xio#t t7pa3» I t ^m, be eos^titdti as I 
WHora fj> 4 • tx^^sStion oount a^ t r i x 
f|^  • ffoquamor d i t t r l d i i t l c » o f s^ok t^rpo 
* i i * indopiiid«Rt t r i a l aatipix 
• • do^roo o f fvoddba to bo oftl^alatofl ig^ 
tQt« i mmm^ « f ipoitiltiw o ^ i ^ l;ri %^^ 
»at7ix s^toos t}io ««afc o f • ^ t * 
tbm tttidlgr ropoxtod hox« i s baood oo f^ boToimls logs 
i'Oliigtd to oif l isy sad t isositSofi ooi»t data I b r tt is g ivw 
borsHols los t « i f « stmaetiirod aiiA si»3jraid« IbllAvixig t l ^ 
Bstliod statod alxsv^* f l i i s sti id^ ales at dotoiaixi i i i i i^raf^ryod 
ti^ pvard transiticm path of th@ ooastitomit litlioXdgio states 
ooBprlaing tha Barakar strata* !^0 litlioXogiG states la ths 
borahold logs vor® dsfinad on ths basis that they ai« reeordMd 
in th@ borshold iogsy should oaeh be rs^i ly jra^so i^sad in 
adjoining outcrop sections and have potantial gaolstgical 
significance* fransitie^al litbofaelas recorded in boreliole 
legs such as cartiemaeeous shale and saadsr shale are h^rs 
otiaihined together and counted as ^lalei iih@reas» shaSy eoaX 
i s Xisiped with 00 all and li^evieef alteiiiate asndstfme and 
shale Are arbitrarily l)»ped half vith eoidstone m^ half 
with shale to f0tm a d(»sinaat three lithologic states laodel 
to test the Maiico'rian property as foUiWS I 
A » 8and«toii«f B » ^mlSy C « coal* 
to deduce the realiability of vertical lithologic 
transitioiisof the eu^essions obtained l^ i borehol® logSf 
the area was divided Into three seotorSf n^ely CD Sastem 
(id Westell (3) Central aeetors (Tig* ^ Transition count 
aatrijc ims structured Mparately for the three sectors and 
collectively for the entire area bgr pooling tally counts of 
the three aforesaid sectors* 
A tctal of 310 transitit^i counts ifas obtained fiois ik 
bor^iole legs for total area, ooffiblaing 116| 11%, ^ count 
for SasteiBt Western and Central sectors raspeotiTaly* Maifeor 
analysis of the three sectors i s recorded separately In 
fables 2t 3f i»» and for total area la fable 5* Chi<*8qiiare 
values as applied to cemputed vali:»s of matriees at 3^egree 
of freedoiB are t9«8t for total area Cfafble ^ and I8«33t ^9^% 
9«'» 
S«etof> of T^bslidr Colliasy* 
ffonsiti^i OotiEit Matrix (fj^«) 
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A 
» 
Q 
0 
• ^ 
• ^ 
• > i ^ 
0 
•7* 
•5i 
•7i 
0 
traasitloii fio&aMUtar Karris (p^j) 
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INiftld « f t Mmkiev U$^rl^9 of I d t ^ t o g i o ^fp& tor %&%ml 4v9% 9 r~} 
transition Gomt Matils (f^^j) 
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x^Lfftrffiioo Katfis C4t|) 
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fa^l9 • S I <^ il!»8^ »^ap8 t tat ist los to t«8t tiM Matlmvlaii 
pm^t%^ In diffi iMnt saefeox^  and In to ta l ar«a« 
9 &«gi«9 of Mmitmg 
f w t of iqa^lon nr f«fodMi ^Oiat 
Ctl 
1« ]%iSt«iB S«etor 
a* W98t9iii S«otsor 
3* Coatral S«etor 
«#33 
^•299 
3«516 
fftSi 
3 
3 
3 
3 
12*8 
f2«8 
12#8 
t2»8 
MMIMaMMtlMMMMaMaMMHMRM 
9 9 
3#51 ^x" ttattam (f abXe 6) va9%@i<n (tattla 6) and oantz^l CTi^le 6} 
s^ e^tor?* flios« miluttit liyr oM lajc^ ® are hl^^r th^ m tiio tabulatad 
values of elii««qiaskr« at 3«4«gi«{»a of f»9«dOB and at 99tt5!iS wmtt* 
4mm& ljm@l (12*3} f thd oaospftSoii bding t!i@ Coitfai sootor i^itfo 
jrialds a liiiitr vali^ (3«$1) of eiii«3<2taax^ « l^i^^ pjredooeo of 
Hoi^ ov pfoport^ r i s indicatod in the oatt^ifi and i^stoin Motors 
ropvoMRting th9 proo^noo of o^olioal, ovdor In Baarak^ r stratai 
±a tb9 o«itral taetor tho soqiuffisoo laOks Hailto'^ ida or cyolloal 
proportjr boeaooo of IsoM of datftt poitiaps* 
Solffotioa of baoal imit for tHo pi^ ofovtod tipimrd tx«ii8iti<m 
ia basnd an tits nasdaun txoaoitlon piob^l l i ^ ^^ti^ 'V&Itio MOL 
t3mt of pooltiiro v&ixm of difforotieo ©atxlai* fflioo@ vaXtios aro 
gvoator for sandstono in %M9 stodr <fa&Xo8 2^  3t ^ 5)« BmAat&n» 
i s tbsroforo o^ioidorod ao n basal tmit for tuo vortical traasi** 
%ion ooQtiinoo aa dodneod la this dti^« 
^mrmsm tmAm amwmm ^  mmi& m^m, 
fho profOrrod npiw^d tr^sitSon of li.ttio]^ie atataa as 
bfoiigiit out twom oorrsi^oading tronsitloo prolyf^^Uty v«^ lao8 of 
^ij "*'^'^ ^^ ^ ^^ ^w so^orsi as aHom in Mailtoir diagrams in 
Fig«\ifty i s as foilevs t 
Sastsfii Soetor t saadstono ,, j- ooal ,,, ,n| i^aie .,,^  ooaX 
•andstoBO 
Wsstasit Ssoter i wadstoao - eoal ^..^ ^laia .^^ .^  ooal 
S«lldStOB0 
WESTERN 
SECTOR 
EASTERN 
S ee irs Q 
©v.':: • w 
66 
t - s ? 
i^iyOTiw^w<y»'«»gj'«iy 
^ 
92 
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72 
c 
if<t«lr -itifilniiiliMitliM 
88 
///®-:-x 
A : SANDSTONE 
•68 
88 
•::m>y^ 
B:SHALE C: COAL 
B«#Lar s t rata liasad on *i!?o«*»««*_F*"JS'^!:L«— 
• 5 5 x (P^j) i-^  «^*stom (a) and VMtar tb) sectors. 
30 
Bvidantly tha prof erred upward t r a n s i t i o n of l l t h o l o c l c 
s t a t e s c a l l s for a syometrlcaX (Wallar, I960) f ining upward 
oycXe In both tha sectors* 
Posi t iv3 C+va) values of d i f f e r m c e matrix (^^A) for t h e 
two sec to r s , likewise^ r a r e a l the ssuae type of cyc l i ca l o rde r 
(P ig . 15) i«e« froffl sandstone through ooai to shale and from 
shale t o ooal* 
Ffia^ EBEISD OPWiiRD SiSQUENOi; JM TOTAL iiltSA 
The Maricov model for t o t a l area shows s imi la r r e s u l t s a s 
those derived a t sector l e v e l s . The t r a n s i t i o n probabill-ty values 
show a symmetrical f ining upward cyclo (Fit;, 16A) as t sandstone 
coskL -y shale y coal v^ sandstone. I d e n t i c a l c^xajcal o rde r i s 
brought out (F ig . t6B)from the difference matrix (^^j)* 
GOHPABISION OF B^IUiUB UICLSS IN QONDWiU^A ^JOAUFU^WB 
Cyclical saqaence of Barakar s t r a t a has recent ly been 
evaluated in several Gondwana coa l f ie lds of Daaodar Valley and 
Slngraul i basin* The c y c l i c a l sequence so aeduoed using f i r s t 
OVAtr Markov chain analysis on subsurface da ta are soh^sa t i ca l l y 
s ianar i sed in Fig* 17 for Sahar jur i (Tewari, 198O), IBast Bokaro 
(Casshyap and Khan, 1982), J h a r l a (Kumar, 198I) , S lngraul i 
(Gas hyap, 1979; Aslam, 1980), and are compared with t h a t of 
Barak-r s t r a t a of Talcher coa l f i e ld ( t h i s study)* 
Tha Barakar s t r a t a in a l l the a>a l f i e lds exhibi t more or l e s s 
• y a n e t r i c a l fining-upward cyc l e s . But t he r e are differanoas in 
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Fig* 15 s WMIW^ aiagnBM blowing ^roferr^ai iipMird 
tMBSitloaa of Utholoelo statas in tho 
Bar^ar strata bassd oa dlfforeie® oatriz (<3. J 
la aoatQRi (•) and ntstsm (b) sootors* ^^  
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transitJ^islMtws^i diffdrent Xitiiolo^s in diffdx^st &mlftmiam* 
Th& msiin 6Xttnrmim l ies in t-m mmmr^ of ooaX ^i3*^*iria o%h«r 
litholj^its* 9iiii3| eoai glbova gre^tiir m^ aoTsr for shalt in tii® 
Sfiiarjitri ai^ Siagratili ooaXfi-aMst Oartooiiaddoos alials in i£i«t 
B^^rOf <:md iiit9r>l}ttf^ 9d fa<»i0s in Jhmti& eoalfi^Mf n^d i s , in 
tiim,fbXlov@d aboTd 1^ tli@ pfee«diag UttaoXogioa* As against 
thisy ooi^ oihibits a grower naeoi^ for i»kn<lst0n# oM i@ tttm 
oTtrlain oomoaly l^ * 3@Bidston« lOsiost in a l l Hii lx>r@hoXa logs 
of TcOetiar coXli9i7« 
fliis diffovono® in c^eXieaX ordar In tli@ Beurikar s tr^a 
l>«itird<m faXohar ooiOfioXil and otiior Qondiraia co^fieXda sittaa^od 
fiUPthor n&rtii i s inS«9d of g^istio slgntfieanodf jnd i}@y ti^ To to 
do vit^ differ^ieos in oiiiiiintiX aorpiioXoi^  of %ii@ dspooitln!! 
stroMM in foapootivo liasinst <^  aaci»Xaindd Xat^ p» 
GoQbiadcl r@salts fi^ oa smbsurfaes l i t t iof^ ids analysis and 
Mavkov ^aJn analysis of 3arakar stz^t^ of falehcir ooalfiold 
pi^Ticte @vid9iie0 for i^oonatnaetiiig basin ff<£i0@iioz%f d^iositloiial 
potMitiaiitjr* 
of ^m adpeoltioiial Msint g?9a%«r tovards ^nfehoast a»d aortlitfost 
thm tha o^ntra], part* aiosar si»aeli% of fos^ Unas sii^gtst that 
thd 9)lb3l<SjUig basto iiagr hmro 8t«^^«r pK>f i lo in tha o^at^a @nd 
g«ntl9 f«»rth»r awoar tovai<d south ^nS noftli* Sti*iieta3ml s^ik© of 
aomlwm^ sol&s is w^t% 0r X9SB prnmUsl to %lm strike of iaopaeli 
Ibxalinss* fh^ faoiss fomlinefl also ai»w a paz^xisl xtolatioa^tiip 
with i«oi»Qe)i fblnili im* Sliis mljs.tiansi&ip isMcmm tliat Itasin 
subsidsQoo nm ooiit«|)oi*aiisoas witti tm ^tepositioa of li.^iofa«i«s» 
SatosuarfBAs malsrsis of iadiirldival litbofaoios pioTidos 
m tiSJ9& al}o\il tUs iNuiin ffas^HOilc letia daposJtioQ&l «ivin»nBaiit| 
Saodstoas bo^ss aHov sl^igstci zon^ljr MMrnkmu (Fig, f } * &x>oas of 
gToaitor ^liokaoss S^IKS pofosntogo of •andstono aoro or loss 
ooiaoiio vith %m ttmiA of suO^diag bacia a i ^ BSjr ooxvMpond 
witai width of tht Bain stroans absonsls at tha tiaa of dapooitioiit 
^atimmX Ungth baing aeiota tha ^tWth^ tmm ^ to i^^t as atatad 
aarUar* daoaatfy of aandatoiia bodias aa i^iai in panel diAsraa 
( f ig* ki «id ^ a i r thialmass diatspibntiosi ( f ig* 5) ttbw two typaa 
of ijodiaa t oaOf ooiitinuDiis ana sisaat Xika with Kansas of ^ a l a 
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9c^l099d In sDoXe or ooaU tlio ar@m3 lowing lesser aafidatiiii«f 
implying %MBS aeeonimtitiem of S3)^» for instane® thasa in ths 
eantrai part, oorrsspond to SJitarehanasl ^i^ix^ots^mt and/or 
0<r3ft»@e&* fli9S9 Qivas ai»prs»pri«t«ljr oi^t&iii gr0i^@r aesount of 
fiB® elastics as ^loim ^ shil® iHireon^i^i^ C l^6« m) a^A WMUd* 
tti&l% r&itio map (ftg* f1}« VlM ooal iaol i th m^ M K * $2} veir««l8 
that iilstribtttioa of ooal is not ecmtrolidd W ^ithmr of tiio tuo 
]i.tl)ol#giaSi in timt i t oooiars in groatdr att»i:£at botli la %hQ 
m^^mm p i^rt oelneidUig vit)% gmAtar anoisit of smwlstono « i^ in 
iiortii«Ri pert vith gr9<^tor aaoisit of iliaXo* fho rsliitiQiisliip 
iiidi@at3« that ooal foi l ing siroBps as i M ^lon dowlopad aoroas 
a iargd part of tiia f3jood plaint proriousl^ •doopiod lir «tfoa«t 
^aittioU mo mloo 93ct«ndod oirat^mk or thrsiieh int^reliiiinol avviei* 
Baeurr^neo of itt^ idstonoy siiaXo andl ooal In irartieal oeXiais 
indiontot that thasa ww9 Oapoaitatf iqr ropoata4 Xataral ^ l i f t ing 
of ohfloaala and aWmKrtmmmnts* Sha jpraaonoa of thick ooaX aaaaa 
on top of aandatona in partioalar m^ f iaa elaatiea, loeaSJjr 
CVig* ^ lndi<^aa that avaapgr eooditicms davoii^ad and laatad 
long on diffatant Ut^l0giaa« Wommmv^ tha ooal Ibsning ooBditioaa 
iiara iatamtptadt loeaXlyy doa to parloaio ai^pplr of sand or alagr 
throo^ oravaaa^i^IaorSf aa ia avidant frora tht oeearranea of thin 
Ittiaas of tandstona and ahala in ooai mmas* (Hv^a^r aulMidaiiMa 
toifar^s aotith and northwast migr aaeouat fyr favoorihla eonditlana 
f)or davol/^otAl^ of sinii^s and aeoiffKilatiofi of vagatal dahris aa 
iadioatad tgr ^aatar araount (H8»a$!^ of ooal in thaaa pari^htral 
araaa ( f i g , 12$* 
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Ili9 MaxlEO'? atatisties of Barakar strata wn^rl^ing tlfm 
stilly &>T9&, shows sysEitftideal oyolas in amall Br&a& of ssetor 
Xtir@l md In ^@ total mrea, as foUovs t 
Sandston® ^ moX - siimxo ^ ooal ^ saxuistoiMi 
Th3 basal imlt i^loh i s coiaEsonJy srittjt ©oars® grminadf 
oxoss-be^sd sandstono »i^ bs intorsn^tsd as <^ i:mr)sl. bai^ or 
braid bars« Sondst^ Eis li^tit t^ v^mrd trmsitioii intoeooal vith 
strong prob^biiitsr vainas of abo^ 80^ (l^ i^ 0*82) i4i:biii 
roprsfsfits grvator probability of oeeorrsnoo of avsesv^ X^beostriiio 
ooDditioiis fmroiMT^iM fbr ooml fbn^tii^i* Altetfrntioa of ihals 
and sands^no IMI r^ ooz^ dod In sc»s bon^l® logs sii^ ie^ly 
r^-s«rr«ieo of ispn periods of rivers daring titiieh ©ajady bars 
wort eoTsrod Iv fine olastias^ a oosnon i^ onosioiion of braidod 
riTars dorlag laan (ifiiitsr} psriods* .^ll^onsstiirolyf tha iotar« 
bedded rolatienslitp m^ iapljr omirbaiic 8iibsB^r{»iisflnt« IdkowitOf 
altdmution of oosa and atiaie as rsoordad bgr creator ^ j iraXum 
(0»71f 0«91) issgr bs ^ ^ to baQle«and»foftli Bigi^tioa of miadd^  
omrirorwiwH on oosa. Ibxi^ big «iiaBi^ # 
tb» eoabinsd svidtnoes from sua^suffaeo and Matlcov oiiain 
analysis suggast ^lat a grt^itai lateral shifting of i&ain ^annel 
mn& aesoei^ted s^tonriioneBents la axitfvial plain aagr aoootsit for 
tho oriiin of lOMsaetrieal fining-upwai^ os^lee in Beiikftv str«ta« 
as also sm^gested bgr early noilters CMlsny 196^ Casiliar^t WOi 
fevafly 19771 liisnf 1998) • 
It i s suggested that tbe eosa lbraii% emrircmraent of f ali^^r 
basin iiae aeeoeiated wliSn braided ifstsBi of stMseis vliieh deposited 
6\) 
mltintorif^ and salt i lateral Bmid bodiQs in th@ subsiding ali^visa 
plain* fhi falehor liasiii in this rsspeet diffox^ from othar 
SlagrmOi sitoatad di^tmiay towards north in th@ t^^orr^^ 
dirsQtioQy i/iWre t.m dspoditioaiai basins ana ooal fbi^oatioa 
varo ataooiat^d lavgaly vitii siaiioiis aad ii^ andarlfig ^st<«i 
of tUPMBs (Catstqrai^ t ^77)« 
Wa& ijwf^ waa<:> vo€k.B in ?&IelMir ooaUfiaid oQVQrimg m mr@% of 
aboafc 1800 »Q tas aye Ijoissdoa on a l l sldg.:. ^ -jiielassifi^d Arehaaa 
granites ci&4 pieissss* Slot&I y-ilekiiGss of Ooml^ jaiia m#ca iaeliading 
2j9mr m& i^ ppar Qondiraiia is of aiioMft t $ ^ isot^r* 1 ^ stud^ ai^ aa of 
tti« faloii^i? QoIii@xy fofos tti9 sast^tn pmta of falobor ooalf l^i i 
sitm^tod in tha i is t r io t of l^antcaitai of Orissa, l^e falc^9r 
oolUdr^r is loei^tad on tlio Buraiiar f^niati^m* 
fht s t^y is t>maoa && ^ t& ^mriv^d tvm^ 1^ liox^taola tm^ 
%^im v9T<3 appfopriatdly analysoci t&r 9ul>8ai€uo@ iirr@«tiga%i4»s» 
SuiMiiirfaeo mal^rsis of l i thic«f i lX V4»« ^^r i^d out to woxt out 
t'lo tsasla fi<@iss9^ flCf T9?tioal ti^i^sitioti of iitii>lj9glo st^tas, 
and dtpoiitioaa], omriiP9fis}0»t» as folljO«rs f 
4 s»aiial aiiigi^s was dyaaia boti^aa t«D Hajr^ o? Iioriflaast oanely 
upiior Kajrfear iJbrinofi CbdX Saas and loi^»r Bott^sm OO-JI annes* fhis 
di^i^iB daiioiistratoa tux**® dIawiiioaaX distzltHitioEi of Xitboftioiesii 
Sii2id«toiio oooupra i^a i^ l l y as s!i»9t liko ofmtinm^m bodSos; son* 
aro latofttUy dieoofitiiitM^ littiriiig a loissoid ana QHymsMX idiaim 
g«Qi8«t3ir* Zato^^stdd^ 0041 soaaSf likavissf oooi^ aa ooi^inttotai 
aod ditoof^iaoiis tedio9« 
Isoi^ aeh aftp dmoiiatrmtoa aujigniiricai tyi>o of suibtMafuio in 
tl)9 •liOiisAtd l»38ia« S i * ma'rtuwt stt^idAiot oeciirs toifayil* aortli 
iKid sotilli at pa7ipil«fal sidt and Bdnimss in e « i t i ^ part* ^^»p^ 
of px^fila is 8t*opor ia tlao e«at«<ax part mn^ gstttXor faithor 
ara^ tovavto aortli md sotitli* tba strilES of foiej linos ooinellMt 
3V 
aor© or X«sa mtii t£i« str^tural strlic® :iiKi ^ith tmt^a strik9* 
Smu&atoxm iaolitri sap siiova snocisiy© ddvelopi^iit of saiKl* 
stono in tli^ @aatasfi ars^ d ao«fchaat'it>m part iMid mirilmm la %im 
northaiti oaS ii^ orthe i^itrai part* 4 pnwiSn f^it eaMstone l)Q<3y 
eailsdi imt^ th& MMla oaadstena aliavs mor^. or lass tl-i# sanfi 
pattern of thi^n^se tm rmit^rdod for total ^^rndstoxm* f«reaQtiige 
s^ INi a^v t l i^ 4999lapmat of sliala is mmdmim in tna ar@>^  of 
ala^mm dmmiJdm^^ of 0«ndatoi»* fhia is airo'Indloatad 'o^  
8siid<*slmXd ratio mm* 
tmlitU a*ip of coal 0rK>¥9 BiiairauB /^4;«Tal0pa«it of oouX la 
th@ oatar poris^^ral paH of tha olong^o btisiaf as agsdnst tr«0 
oantral part* fhQ *op Coal a^ s^i SHOWS giwat©? ttilelmees in tho 
outar dastaffif tn&Tt^mmtment and in tho e-mtral ^art an^ aeimXldF 
tovaru.d imstexn p&rt* The si@»8ag. ^ i^po of fOp Coal Seiai In 
isoXit^ ms^  aiar indleat® original slia^ and configuimtion of 
ooaL-fosimins eax^h iii ti^ a laralciir flooci plain* 
First Oi^er arabeddod Ifaf^ov «*€iia (malysis is applied to 
dediieo fvrtioal ordur of trrnksiXii^n of litl^faeiss in tH@ Bar^uir 
ooal Boasui^a at difftrwit 8«et»r8 and tor tot^ l^ aroa* ,A 0lii<« 
•^uara t^ s^t i s appliod to eoafizQ the pressneo of Mai%ov prop@rt|r« 
f!i3 ciii<»8<|aard taet coBfif»« tii@ pi^sfoea of KasfeoT pio:;»«rty la 
two of Vm thftts 8«otor8 and in tha total ai^a* ^ a prafafvad 
upva^ trantiticaa of litl)olQgio st&tas as ^^^oght oi^ fiois 
oovfvapoading transition pmbabiiity Talaas of p | | and diffttrsnoe 
natrK valoss ^%j) foi^ diffar«Eil Motors and Dor total aipou, ^lova 
^jneiotrieal fining upward oyaia rtpretant^d lay t sandstona 
tfiala . > ooal ^ sluaa - saiidatmia* 
O f ) 
do 
of syan^sQtrleal finiag^apwapa cycias Sa tlia givan Bar^ar s t rata* 
fhd f@9orti»l Q^eliej^l a«g'j»iieds of th@ il^^.^p of 03K>daf<* 
ani. ^Qn^TaU^ aoa4fi«ljds vor<§ aoiBp»r@d wit^i t.iii.t of th f aleiiar 
«>alfl®ld« Shi® 8arttk,4^ s t ra ta a d l M t moro QT lm'.i &yo&^TimX 
diff^raood in t r ans i t^m ^ot^ra^ Mit%r@at Htmixaiios in 
m&y mim d&V9Xap@& Siia to loeal diffdr^iess In stiteiirix'o^^iits* 
I t i s sa^as tod tli^it tlid ao^O. Ibnoli-ig €H3F1I*GIIS€III of 
7a3L/c^r basin mm asM»0l««ted lsfg@l^ v i th broidod straazsBt ao t^iat 
the resultant sMitt^Qts m^ aoijal^ ar^siae^us:; and o!>al, te^ueo tlxin 
arid r^giemallir iffipdrslit.»t« Xil t i l ls rsspoet t^i^^ basin diff»y«8 
ftois other Qm^mim hmiik9 X^eat^d' d l s t^ I l^ in ypciirrmt dii<«»otio»» 
towards aorthf vh«r9 ^Kiii^fit ttepiHiltioii u^d coia Ibrmatioa W»»Q 
as9ooi4^ad litjpgtly \iitH sinooos and ffii^oildi^g syotaB of stroawi* 
lildiasit ^ a x^saitoiit soaiaidats in th@sa bosinfi ura r ich In flu* 
e l ^ t i o s md ifitorbad&dd doaX sat@s, not qnsoBPon^t «^a thick arid 
3Lat«na.3^ pax^istaat* 
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MMWMB^m 
hmtn^ a«dlffi«*feol©gyt ^* 3i P# t63*f98« 
-^uili^ p M«- i f ^ i Mthofiaci®^ and Ifii»faij©» of Ba t^ula ©oml i^^uras 
of l i ^ r a a U e@a3Lf4«14 C®a«taji3 p^rl> ^^« tt^aaallslssil »#.fhil 
t l i ^ i S i ^ g a t f e Mi^sll© lfell^3»£Siiri Ailgaift, 
Sti*i8t», ir» ISt p* 13^# 
m^tiSLtt^Mf in t ^ disti*l(st of Ciilitaek* Mem, §mU Bitnr* 
C^driaH^y S#M#.y 19(^1 0@ai»diilar3r~ <}|'®l#s ^s^ ^a i^rifonaasul of 
©f PaaUisalar Isais* s®cl# G«il*| v» 5» p* 13S^f^* 
aAi4»ai^- S|iM»j IWf C?^ll© ^ajpae%«ilstles ©f csoal li®arlag 
maimmt & in l»€ Boeliqcaar 9»tm^%m. iU^&tv^mX i>»^ 
a.^ ^H3tJ^y llftM#y 1977«JN*tt9f»a of m^iimm^ijQin in %ati^na Imslfi® 
a.<»s^ X4#^  ^Mty If^p A «%fciti|ri|^iio iiina m^Mma^lm^ 
lnvtsiigfttion of tilt ^mo^ma f o ^ s m€ i t s b^ajplng 
Hapii^ lisfeod final t a e ^ 8ofOPt> ««c«> #^f«^  Iki^aow* 
O S^SHX y^ ^ t ^ , i M y Mtliefaolot mmi^BU of tlio IMa Fof^im 
BunigariJ o o ^ »d&9i»Pt9 i^tlidii^ liMiiii) «Kl t l i t i r palsoo* 
pogfii^^o iaplioatloii® in ®im^mmm^ f Xnt^r* @@id« % i ^ 
i i v 2oitl^ isdy(«<|8« M«lf» Q$mmnmX it ft felUdf p* 12>»132« 
UMMX^^ -^mtk^ 1962« A (|\^iltit«liY@ 90aill^iIto3Agiei^ analysis 
of W^tmim mm. m^mrnxmu ia th^ ^omM^mmiMt Qotii^hmm, Baoiiii 
<;^ia3U?, i>tli«, & XlaHy 1«A«, ifetf miMJ-r^ to Kaffeov aaalysls 
of .Fonniaii ooal »#d8ux^s of last iOlEait» M^i^t Mhkr^ 
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liAfla, J»i;«, 1^ 73J atatlstifis jad data m&X^&is in gaolog^t 
f^^^M, IMIMI t91J», 0» thji gsolosy 2^ad Goal Beaourees of 1^j«a 
stat^t C«iitf«Ul ^To^rimm* ^9m» GmU Burr* 1 E ^ , •• M« 
fX^IM. \i%Uf Bmm^ lwF«, ^UQtfp ^ ^ t i Ite^S^y i^ I*^f 19^9 
M t a i3r9t«@8 ill tHe •scpl^ rsKfeion for o i l and gm^ p« 
lOa f^iiOM, J»M«y 1960f Beidow md elaasifleaticm of qttigititft&ive 
iMilfFlXlia, JtC*, 19661 W^wm tfonda tit g^c^ath^eia i^os* M i^iox«U. 
iDdua^piosy •• 35i ^ l«d* 
in (leology, JoUa Hll®y A aons, »®w Xoffe, 5^5 ^ 
SE'.ill, S«^y f97B, Iiltliofaoids, saaia^itatioa treads smd p^^^oflov 
:^^ r«Mitor9 of Eaffia>rl^ ri ^»l Bar^t^r i^rata la East Bolt&xo 
ooalfioldp aamar, H^ubSlshed fli»P» tJioslSt AUtfaxti Muaiia 
MJTmBf ^•f 193St B«K>rt oil thia discsovotgr of mdoiisiTt eo&X bods 
in Ubgooi ft"^ atudoaof Orissa* ^our* Asiatic Soo* Bangui, 
mmBM»^ '^*^*m %f92t IhriimlpSiXa of faoios msm Intorpar^tati^* 
o^tsr« Sad* ?«troX*» •• 22$ p* aocvSII* 
KK^ ^^ ML^ , u«Q^^ t967i fbrtran X? Goa^^&r pipo^stmm&n for HatkoY 
obfdii oxpofilaotts In Otology* QQin»itar coatrilmtion 13* 
Kansas QaoXogioat Smr^ gry 1^  1*^* 
&Mfimaj^ 9 y«C* A diCi^ r, ii*F*9 1969, Maxkoir ohiiia and oeiboddM |{ai1»>ir eliala In goology* Mm* Oaology, v* If p« 79*96* 
OlMPOi. il*C* 4 S>im^^ tmk*^ 1963t Stratigraphy and sodlaonta^ion* 
W*l* Froattaif 3an Frsnsisoot 660 ^ 
&ISt ,^ A», 19B1. SittisaTfttco onaXytis of Utliof^ios mtd doposi-
tlonal fpmktmtm of A Bmt^^r 3tretji» M^iidlh Blodc. 
^barla ooailfioXd* ^pobXishod l{*Phil thosiSf JOifain 
UwHim UliiTorsi^t AXigaife» p* 31* 
4 
MXiy»lii, -A#i^ «l 1973, Mwpl^ofir eiiiaiti analysis appHM t^ mn^tm&t 
<m tilt f^logl©al mapping ©f fa3,i^ @r c^alfisld. Q^i* Bwr^m 
3^idst^i«# BuIUf iiMr* iijioe* PmmX^^m 0^2^i3ts*» 7* ^ 
IH I8^*1 f t1« 
'«^tai9i i l« ^ i « t Jttsr* <&«d«i«s« f e t i ^ l e u ^ O-asli^fist®*» • • ¥ • , 
&^^f y«i%*^  t f # | iiialjfsia ^id slatilatiim MmaoTimi mdSsmntQ Sn 
©satyal Seetlawi mim ^ ^^^QV ,p»®®ss m^delf Hath* Oaol*, 
^« I f p» tf9«aif» 
JtekiDlSii^  ^ •^ f IWSf %41»«taiy liifliww€«ts and F«jl@s« SIAC^I^IJ, 
uxm^ S*imf 1933f ^Knastarliis mmi&& of Isst tsu EssisuSf l^iUy 
^ mmo I a» atlitst #f til© lll^t®d i tat#a am mxi^min Cm&Mmt 
^uannE^^^fy E#«3«, W1» fal,oiii'r eciiiilfi«M Jn Coal t990!iro@3 ©f 
:fodi% ite«tCdci].« si^pf. i^aia, v# 0s» ^ 211-217. 
fliteiai l*a*| Iff7. Aj^ Xien^Sc i^ of f i r s t ovmr assl^d^iS Markof. 
csliaia I0 t@«t th@ tmrtieai MpfiHSfasint of li^»)c»34^le states 
sm& i^Mim$ t^pss « «iaii^l9 frosi K-afHaz^ail and Barakar 
9tritm of dm@m ladiiiy M#]^il tD@si@s /aligaiti i-iaaito 
ll»i'r«rslt5yt ^ligai^» % p* 
fi^«yi3l, B«a«i tfSOy ldLt!aofa<ii«3f sddiininit&zsr pdtfo^ra'pliar aaS 
p&Xjmogmgfmer of Q t^dwaiia Xithio*filX ^tljmokmgf^^ it i fil  eif OiridJJi and 
adioialug oo^^fidMsy 3ilia?| l^t^ldsi i i^ Hi«B« tli#si3f 
VfMMM, B»& II ©BaaPASBH. X»li*, 1979, Idtliofaelas cinaiysia of 
B^i^ar Fommti^m m Iptliagiadiia ai-^^, A^F*, Ziidia« 2V Iiit«r« 
msiMi^M^ ^ B * i 1fN9f On t i l t tuestion ©f tha aneiiaiigK o f 
fbi«at iei i of «tffata# DQklady i^tnAmaic Um^, SSiia, 
